Patient Case
A 79-year-old woman who weighed 40.8 kg and had a history of hypertension, gastroesophageal reflux disease, and hyperlipidemia presented to the emergency department complaining of severe right upper quadrant abdominal pain that radiated to her back, as well as nausea and vomiting. Approximately 3 weeks prior, she had suffered a similar painful episode and was told that she had sludge in her gallbladder; this evaluation was performed at an outside hospital, so specifics regarding medical decision making were unavailable. Pertinent vital signs and laboratory values are listed in Tables 1 and 2 ; all values were within normal limits, with the exception of a slightly elevated white blood count. A right upper quadrant ultrasound showed gall bladder sludge and distension with no renal calculi, sonographic Murphy's sign, or gallstones. A subsequent hepatobiliary scan showed no common duct obstruction.
The patient's medication list is detailed in Table 3 . On further investigation, it was discovered that her medications had been stable for some time, with the exception of 558124P MTXXX10.1177/8755122514558124Journal of Pharmacy TechnologyPeng and Reilly hydralazine. She had been taking hydralazine 50 mg 3 times daily for a year for her hypertension, but had been prescribed hydralazine 100 mg 4 times daily in error and had been taking this dose for 1 month prior to this admission. The dosage change occurred 1 week prior to the onset of her symptoms.
The patient was given pain control with hydromorphone and morphine and was given cefoxitin; she underwent a laparoscopic cholecystectomy within 72 hours of admission. On the day of surgery, her white blood cell count reached a maximum of 18.1. The gallbladder was found to be large, inflamed, and distended. Oozing sludge was found but no common bile duct obstruction or gallstones was discovered. The patient reported minimal pain postoperatively, and her white count resolved by postoperative day 2; she did have a transaminitis immediately postoperatively. The patient was discharged with her home medications, including the correct dose of hydralazine, 50 mg 3 times daily. Since that admission, the patient has not been readmitted to our hospital.
Discussion
The only previously reported case of hydralazine-induced cholecystitis described a patient who developed subacute cholecystitis and septic shock from cholangitis without stones or biliary duct obstruction. 7 In that report, the patient was receiving standard dosing of hydralazine and her symptoms followed the course of her hydralazine exposure, dechallenge, and rechallenge; the patient was subsequently discharged and had no pain at the 3-month follow-up visit. The authors of that report concluded that hydralazine may have induced the patient's cholecystitis and cholangitis. The case that we report differs in that there was no associated cholangitis or transaminitis, and that our patient was not dechallenged and rechallenged, though there was a temporal relationship between her receipt of supratherapeutic doses of hydralazine and the onset of her symptoms.
The possible mechanism behind this adverse event may be related to the effect of nitric oxide in the gallbladder. Hydralazine has been shown to increase the effects of nitric oxide by inhibiting the production of superoxide. 5 More important, Luman et al have identified that nitric oxide donors significantly decrease gall bladder emptying. 6 It is possible that hydralazine may inhibit gall bladder emptying by this mechanism. While Luman et al infused very low doses of hydralazine in the human subjects as a hypotensive control agent (0.1 mg/min, increasing by 0.05 mg/min at 15-minute intervals), the median dose given was 0.1 mg/ min, which is significantly less than the supratherapeutic hydralazine exposure of our patient. 6 Fenofibrate may also have contributed to our patient's cholecystitis, as it can cause supersaturation of cholesterol in the bile and lead to gallstones and cholecystitis. 8, 9 The patient we describe had received fenofibrate for the past year without complication, and only developed symptoms of cholecystitis once she began taking supratherapeutic doses of hydralazine, which makes it less likely that fenofibrate was the cause of her symptoms.
To assess the likelihood of hydralazine, fenofibrate, or the combination of the 2 agents causing cholecystitis, we used the Naranjo algorithm and the Drug Interaction Probability Scale. 10, 11 An objective causality assessment of cholecystitis caused by either fenofibrate or hydralazine was probable. 10 Furthermore, an objective causality assessment of cholecystitis caused by an interaction between fenofibrate and hydralazine was possible. 11 Because these assessments indicate that a single agent was more likely to cause our patient's symptoms and there is a temporal relationship between the patient's use of supratherapeutic doses of hydralazine and her symptoms, we believe that hydralazine is the most likely cause of cholecystitis in this case. A limitation of this analysis is that the patient was not able to be dechallenged and rechallenged so causality cannot be conclusively determined. 
Conclusion
Hydralazine is used for several common disease states and has previously been associated with cholecystitis and cholangitis, possibly because of the role of hydralazine and nitric oxide in gall bladder function. Shortly after our patient began taking supratherapeutic dose of hydralazine, she experienced symptoms indicative of cholecystitis, which has only been reported in the literature once. Clinicians should be aware that cholecystitis is a possible adverse drug event in patients receiving hydralazine.
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